Summary.-To analyse the effect of ethylenediamine tetraacetate (EDTA) on tumour cell adhesiveness, fine structure of intercellular junctions of rat ascites hepatoma cells AH136B and AH7974 (both forming cell islands in vivo) was first compared. The close contact of the apical portion of both cell islands was composed of tight junctions with a narrow gap. The close contact of the inner portion of AH136B cell islands was largely by simple apposition, while that of AH7974 cell islands had many intermediate junctions and desmosomes. Treatment with EDTA (2 mM) induced morphological alteration of simple apposition, intermediate junctions and desmosomes, but tight junctions remained intact. The effect of EDTA on such junctional complexes seemed to be partially reversible on readministration of Ca ions. Changes in desmosomes, as confirmed on AH7974 cells, were initiated by disappearance of the central disc of electron-dense materials, followed by marked opening of intercellular space and disappearance of endoplasmic laminar plaque. These results suggest that Ca ions may be concerned with maintaining the integrity of junctional complexes other than tight junctions.
Summary.-To analyse the effect of ethylenediamine tetraacetate (EDTA) on tumour cell adhesiveness, fine structure of intercellular junctions of rat ascites hepatoma cells AH136B and AH7974 (both forming cell islands in vivo) was first compared. The close contact of the apical portion of both cell islands was composed of tight junctions with a narrow gap. The close contact of the inner portion of AH136B cell islands was largely by simple apposition, while that of AH7974 cell islands had many intermediate junctions and desmosomes. Treatment with EDTA (2 mM) induced morphological alteration of simple apposition, intermediate junctions and desmosomes, but tight junctions remained intact. The effect of EDTA on such junctional complexes seemed to be partially reversible on readministration of Ca ions. Changes in desmosomes, as confirmed on AH7974 cells, were initiated by disappearance of the central disc of electron-dense materials, followed by marked opening of intercellular space and disappearance of endoplasmic laminar plaque. These results suggest that Ca ions may be concerned with maintaining the integrity of junctional complexes other than tight junctions. IT has been generally known that Ca ions play a part in maintaining the adhesiveness of normal epithelial cells. An electron microscopic study by Sedar and Forte (1964) has demonstrated that simple apposition, intermediate junctions and desmosomes in the oxyntic cells of frog gastric glands are respectively dissociated under Ca-depleted conditions by sodium ethylenediamine tetraacetate (EDTA), but tight junctions remain intact. As is well known, the decreased mutual adhesiveness of cancer cells has been demonstrated by contrasting the mutual adhesiveness of normal epithelial and of cancer cells by means of micromanipulation (Coman, 1944; McCutcheon, Coman and Moore, 1948) . As one of the conditions concerned with the decreased mutual adhesiveness, a decrease in Ca content in cancer tissue (Delong, Coman and Zeidman, 1950) and in epithelial cells after application of chemical carcinogen (Carruthers and Suntzeff, 1944) Preparation of cell suspension.-Cell suspension was prepared by the method previously described by Kudo et al. (1974) . The ascitic fluid (20 ml) was respectively withdrawn by i.p. puncture 10 days after inoculation of AH136B cells or AH7974 cells and diluted 1: 5 with 0-45% NaCl solution. After separation of red blood cells by keeping for 60 min at room temperature, tumour cell islands were respectively sedimented by centrifugation at 25 g for 10 min. After washing with Hanks' balanced salt solution (BSS), the cell islands were respectively suspended in BSS at a concentration of 107 cells/3 ml. Falcon tubes were used.
Treatment with EDTA.-EDTA solution (in physiological saline) was added to the above cell suspension (3 ml) in Falcon tubes to give a final concentration of 2 mM. After adjusting to pH 7-4 with NaOH, the cell suspension was incubated at 370C for 20 min. Immediately after centrifugation at 120 g for 10 min, the sedimented cell islands were fixed for electron microscopic (EM) examination. In another experiment the cell islands, which were treated with EDTA and sedimented as described above, were washed x 5 with BSS (originally containing 1 2 mm Ca ions and 0-8 mm Mg ions) and then suspended in the same salt solution at 37°C for 80 min. Immediately after centrifugation, the cell islands sedimented were fixed for EM examination. In a control experiment, the cell suspension free of EDTA was similarly incubated at 370C for 20 or 100 min and then sedimented for EM examination.
Electron microscopy.-This was performed by the method previously described by Ishimaru, Ishihara and Hayashi (1975) . Immediately after centrifugation, the sedimented cell islands were placed in cold 4% glutaraldehyde in 0-1 M S-collidine buffer (pH 7.3-7.4) for 45 min. The cell islands were rinsed with cold 0-1 M S-collidine buffer and then fixed in cold 2% osmium tetroxide in 0-1 M S-collidine buffer for 45 The suspension of AH136B cells (forming islands composed mostly of 10-30 cells), collected from the ascitic fluid withdrawn 10 days after i.p. inoculation of the cells, was kept at 3700 for 20 min and sedimented for EM study. In general, the external shape of the cell islands was round or oval, and the individual cells showed close contact (Fig. 1) . The close contact in the apical portion of the cell islands was, as a rule, characterized by tight junctions (Fig. 2) , while that in the inner portion consisted largely of simple apposition, and partly of intermediate junctions and desmosomes (Fig.  2) . The mean number of tight junctions, desmosomes and intermediate junctions in the cell islands, when counted for 150 nuclei in cross-section by the method of Overton (1973) , was approximately 100, 14 and 28 in that order. Desmosomes and intermediate junctions were apparently less frequent.
The tight junctions observed had a narrow gap of less than 4 nm which was formed by close approximation of outer leaflets and their punctate fusion, resembling that described by Trelstad, Hay and Revel (1967) (Fig. 3a) . The regular distribution and constant presence of such tight junctions in adequately oriented sections suggested that they may form continuous belts around the cells, as reported by Farquhar and Palade (1963) . The desmosomes observed (ibid.) consisted of 2 outer leaflets running in a parallel fashion and separated by an intercellular space of about 16nm, containing a central disc of electron-dense materials (Fig. 3b) . In the cytoplasm subjacent to each inner leaflet, one distinct laminar plaque running parallel to the membranes was observed, and was accompanied by prominent endoplasmic fibrils (Fig. 3b) . The intermediate junctions consisted of 2 outer leaflets disposed in a parallel fashion and separated by an intercellular space of less than 20 nm, exhibiting low electron density, and resembling those described by Farquhar 44 and Palade (1963) . In the cytoplasm subjacent to the inner leaflets, moderate electron density was revealed (Fig. 3c) . The simple apposition observed was composed of apposed plasma membranes separated by a space of 10-30 nm showing no electron density, as was seen by Farquhar and Palade (1963) . The structure consisted of 2 outer leaflets disposed in a parallel fashion, showing focal membrane undulation of varying degree (Fig. 3d) .
II. EM observation of AH7974 cell adhesiveness without treatment with EDTA The suspension of AH7974 cells (forming islands composed usually of less than 13 cells), collected from the ascitic fluid withdrawn 10 days after i.p. inoculation of the cells, was kept at 37°C for 20 min and then sedimented for EM examination. In general, the external shape of the cell islands was rather irregular, and the individual cells seemed to be in a relatively loose contact (Fig. 4) 20 min, tight junctions in the apical portion of AH136B cell islands remained unchanged, but apposed membranes of the cells in the inner portion showed a distinct separation (Fig. 5a ). This apparent separation was assumed to develop from simple apposition, intermediate junctions and desmosomes (Fig.  5b) , as seen before treatment with EDTA (Fig. 2) . The mean number of tight junctions, desmosomes and intermediate junctions was approximately 100, 0 and 0 respectively per 150 nuclei in crosssection.
Although EM alteration by EDTA in desmosomes and intermediate junctions was not seen in AH136B cell islands because of the lower frequency of these structures (Fig. 2) , changes were confirmed in AH7974 cell islands. A striking separation in the inner portion of the cell islands was revealed, but tight junctions remained intact (Fig. 6) . The EM changes in desmosomes after EDTA seemed to occur in the following stages: (1) the central disc of electron-dense materials became obscure or disappeared, but other elements in the structure remained unchanged (Fig. 7a) ; (2) the central disc disappeared, intercellular space dilated to more than 30 nm and endoplasmic laminar plaque became obscure (Fig. 7b) After such treatment, in the inner portion of the cell islands, the close cell contact consisting largely of simple apposition and partly of intermediate junctions and desmosomes was observed (Fig.  8) , suggesting a considerable reconstruction of the binding structures seen in AH136B cell islands before EDTA (Fig.  2) . When counted for 150 nuclei in cross-section, the mean numbers of tight junctions, desmosomes and intermediate junctions which were recognisable, were about 100, 10 and 19, respectively. The number of tight junctions was the same before and after readministration of Ca ions. AH7974 cell islands, previously treated with 2 mm EDTA, were similarly washed with BSS, suspended in the same solution at 37°C for 80 min and then sedimented. A considerable reconstruction of altered close contact of the cells in the inner portion of the cell islands was revealed (Fig. 9 ). This consisted of clearly defined desmosomes (Fig. 1Oa) , intermediate junctions ( Fig. lOb) and simple apposition (Fig. lOc) . The mean numbers of tight junctions, desmosomes and intermediate junctions were about 100, 55 and 40 respectively for 150 nuclei in cross-section. The number of tight junctions was the same before and after readministration of Ca ions. In a control experiment using AH7974 cell islands untreated with tDTA, no morphological ckhange in any if the binding structures in the apical and inner portions of the cell islands was found after incubation of the cells with BSS at 37TC for 20 or 100 min.
DISCUSSION
The present findings show that both AH136B cells and AH7974 cells form islands in which the individual cells adhere by known binding structures, including simple apposition, intermediate junctions, desmosomes and tight junctions (Figs. 2, 4) . The close contact of the apical portion of the cell islands was, as a rule, composed of tight junctions with a narrow gap (Fig. 3a) . The close contact of the inner portion of AH136B cell islands consisted largely of simple apposition (Fig. 3d) and partly of intermediate junctions (Fig. 3c) and desmosomes (Fig. 3b) . On the other hand, the close contact of the inner portion F'IG. 5a.-AH136B cell island after treatment with 2 mm EDTA. of AH7974 cell islands had many intermediate junctions and desmosomes (Fig.  4) , simple apposition being less frequent. The above difference in the binding manner suggests that AH136B cell islands are suitable for studying the alteration of simple apposition, and AH7974 cell islands for studying changes in intermediate junctions and desmosomes. Treatment with 2 mm EDTA induced a distinct separation of close contact in the inner portion of AH136B cells, while tight junctions remained intact (Figs. 5a, b) , and AH7974 cells responded similarly (Fig. 6) .
In a systematic investigation of the effects of proteolytic enzymes (trypsin), chelators (EDTA) and detergents (sodium desoxycholate, DOC) on desmosomes originating in a variety of tissues, Borysenko and Revel (1973) (Koono, Ushijima and Hayashi, 1974) induced no cellular damage in vitro. Similar separation of AH136B cells previously treated with EDTA, was provoked by a thermostable peptide from tumour tissue capable of releasing the neutral protease (Koono, Katsuya and Hayashi, 1974) , suggesting that this neutral protease may disrupt tight junctions. Investigating the fine structure of freeze-cleaved tight junctions from epithelia of rat small intestine, Staehelin (1973) has postulated that the fragments of tight junctions can be internalized and broken down in lysosomelike vesicles. In this respect, it would be of interest to study whether the neutral protease may be isolated from lysosomes of AH136B or AH7974 cells.
